Mitogen-activated protein (MAP) kinases mediate PMMA-induction of osteoclasts.
Inflammatory osteolysis induced by implant-derived wear debris is associated with infiltration of various cell-types to the implant-bone interface leading to abundant secretion of pro-inflammatory cytokines and activation of proteinases that together lead to propagation of the localized inflammatory response and periprosthetic bone erosion. Tumor necrosis factor family members are considered to be direct mediators of inflammation and osteolysis. These cytokines exert their osteoclastic effects via activation of the transcription factor NF-kappaB and certain MAP kinases, including c-Jun, Erks and p38, all known to be essential for the development of osteoclasts. We have recently documented that the osteoclastogenic cytokines TNF and RANKL play a pivotal role in the development of inflammatory osteolysis. We have also found that PMMA particles stimulate osteoclastogenesis, at least in part, by induction of RANKL, TNF, and by activation of the transcription factor NF-kappaB. More importantly, our data indicate that inhibitors of the osteoclastogenic factors, TNF and RANKL abrogate particle-induced osteoclastogenesis. In the current study, we investigated if PMMA particles activate MAP kinases, and the potential role of these kinases as mediators of osteolysis. Using kinase assays, we show that in osteoclast precursors, PMMA particles markedly and rapidly activate p38 and ERK MAP kinases. This activation was specific, evident by complete blockade with specific inhibitory compounds. Similarly, we show that PMMA particles activate the JNK pathway, which is known to be involved in inflammatory and osteoclastogenic events. We also show that p38 MAP kinase regulates PMMA-activation of NF-kappaB, thus providing a possible mechanism for particle action in osteoclast precursors. Finally, we provide evidence that specific inhibitors of MAP kinases are capable of inhibiting PMMA-stimulated osteoclastogenesis. These data provide evidence that MAP kinases are potent mediators of particle-induced osteoclastogenesis.